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A New Zealand general population birth cohort was studied from 1977 to 2012. 
Sample sizes ranged from n = 962 (age 35) to n = 1025 (age 18). NS was measured at 
age 16 using the Tridimensional Personality Questionnaire. Perpetration of antisocial 
behaviours was ascertained by self-report at age 18, 21, 25, 30 and 35. Generalised 
estimating equation models investigated the association between NS and antisocial 
behaviours net of individual factors and correlates of NS before age 16, and alcohol 
and substance use disorders age 18-35. 
 
Results 
Higher NS scores were associated with a higher unadjusted incidence of all forms of 
antisocial behaviour. Assault, theft, property damage and dishonesty offending 
remained associated with NS after adjustment for individual factors and correlates of 
NS before age 16. After further adjustment for alcohol and substance use disorders, 
NS was not associated with any antisocial behavior outcomes, suggesting those 
disorders mediate the association between NS and antisocial behaviours. 
 
  3 
Conclusion  
Alcohol and substance use disorders mediate the association between NS and 
antisocial behaviours in early adulthood. NS may be a useful endophenotype for 
investigating the causation of externalizing behaviours.  
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1. Introduction 
Personality variables have been considered as determinants of criminal behaviour in 
various theoretical models and numerous empirical studies (1). Modern personality 
research focuses primarily on personality traits – dimensions of variations between 
individuals that are relatively stable over time and predict behaviour in various 
domains (2). Cloninger’s model of personality aims to reflect the psychobiological 
aetiology of personality. It originally consisted of three temperament dimensions: 
Novelty Seeking (NS), Harm Avoidance (HA) and Reward Dependence (RD) (3). A 
revised model removed items measuring persistence from other RD items to create a 
fourth temperament dimension. Cloninger extended his model with three character 
dimensions measured using the TCI (4). 
This paper focuses on the temperament dimension NS and its relationship to 
antisocial behaviour. NS reflects the tendency to respond strongly to novelty and cues 
for reward and is thought to play a role in initiation of behaviours (4). As Cloninger 
predicted (5), high scores on the NS scale have been associated with conduct disorder, 
alcohol and drug dependence, criminality and antisocial personality disorder (6-11). 
Although many longitudinal studies have examined the developmental antecedents of 
antisocial behaviour, including personality traits, most of these studies have serious 
limitations including a lack of data on pre-adolescent exposures and limited ability to 
determine the age of onset of antisocial behaviour (12). Prospective longitudinal 
studies with data from early childhood provide the best method to evaluate the 
relationship between personality dimensions and later criminal behaviours. Such 
studies support the view that temperament and personality are important determinants 
of antisocial behaviour up to late adolescence (13), and they suggest personality 
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variables may also help to differentiate between lifecourse-persistent and adolescent- 
limited patterns of antisocial behaviour (14, 15).  
There has been several decades of evidence indicating that high NS is a risk factor for 
drug seeking behaviours (16), and we recently reported NS is strong independent risk 
factor for all types of substance use disorder in early adulthood (10). It has previously 
been hypothesized that alcohol use mediates the relationship between some types of 
personality disturbance and antisocial behaviours (17, 18). However, no studies have 
examined the extent to which alcohol or other drug use mediates the association 
between NS and antisocial behaviours. 
The aim of this present study was to examine the relationship between NS scores at 
age 16 and self-reported antisocial behaviours from age 18 to 35 in a large 
prospective cohort study. Our hypotheses were that: 
1. NS scores would be significantly associated with antisocial behaviours. 
2. NS scores would remain an independent predictor of antisocial behaviours even 
after adjustment for multiple potential confounding variables. 





Data in this study were gathered in the course of the Christchurch Health and 
Development Study (CHDS), a birth cohort of 1265 children (50.2% male) born in the 
  6 
Christchurch (New Zealand) urban region in mid-1977. The cohort was studied at 
birth; 4 months; 1 year; annually to age 16 years; then at ages 18, 21, 25, 30 and 35 
years (19, 20).  All aspects of the study have been approved by the New Zealand 
Health and Disability Ethics Committee. Sample sizes ranged from 1025 (age 18) to 
962 (age 35). 
 
2.2 Novelty seeking (age 16).  
At age 16, participants were administered the NS items of the Tridimensional 
Personality Questionnaire (TPQ) (21). Higher scores on the NS scale reflect the extent 
to which the individual is "impulsive, exploratory, excitable, disorderly and 
distractible" (21). Scores on the NS scale ranged from 2-31 (mean 18.3), with 
moderately good internal consistency (α = .76). In the present study, scores on the NS 
scale were divided into quartiles. Analyses were then conducted based on quartile 
assignment, to facilitate both presentation and interpretation of findings.   
 
2.3 Outcome measures – antisocial behaviours (ages 17-18; 20-21; 24-25; 29-30; 34-
35 years). 
 
A described in a previous study from this cohort (22), at ages 18, 21, 25, 30, and 35 
years, cohort members were asked about the frequency of antisocial behaviours since 
the previous wave of data collection. Participants were asked questions about the 
following sets of behaviours (see supplementary material for more detailed 
description of items):  
- Physical violence towards another person 
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- Use of a weapon 
- Theft 
- Damage to property 
- Dishonest or fraudulent activity 
 
For each antisocial behaviour outcome, the behaviour was coded as being present if 
the participant reported any of the behaviours within individual items for each 
category in that period. 
 
2.4 Covariate factors 
A range of potential covariate factors which were recorded prior to age 16 were 
extracted from the study database, on the basis of their known, or putative, association 
with antisocial behaviours in adolescence and adulthood, including previous 
published literature on this cohort (15). A detailed description of these covariates is 
included as supplementary material. The factors were divided into individual factors, 
family sociodemographic background factors, family functioning factors and parental 
factors.   
 
2.4.1 Substance use disorders (ages 18-21; 21-25; 25-30; 30-35 years). 
Cohort members were administered items from the Composite International 
Diagnostic Interview (CIDI) (23) At ages 18, 21, 25, 30, and 35 years, to assess 
DSM-IV symptom criteria for several substance use disorders during the period since 
the previous assessment.  For the purpose of the present study, participants who met 
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criteria for alcohol abuse/dependence, and those who met criteria for any illicit drug 
use disorder (including cannabis, opioids and stimulants) were identified.  
 
2.5 Statistical analyses 
In the first set of analyses, the unadjusted prevalence of the five antisocial behaviour 
outcomes at each of the five waves was tabulated for participants in each quartile.  
Bivariate associations between the quartile measure of novelty seeking and the five 
antisocial behaviour outcomes over the five waves of data collection were obtained by 
fitting logistic generalised estimating equation models to the data.  These models were 
of the form: 
 
Logit (Yit) = β0 + β1 Xi + ∑ βt Wt                                                                 (EQ1) 
 
where Logit (Yit) represented the log odds of a specific class of antisocial behaviour 
for individual i at the t-th wave/assessment period (t=1,2,3,4,5); Xi was the measure 
of novelty seeking at age 16 years; and Wt (t=2,3,4,5) were a set of dichotomous 
wave indicator variables included to account for variations in the base rate of 
antisocial behaviours over assessment periods. In this model the parameter β1 
represents the linear effect of NS quartile on the log odds of each outcome pooled 
over the five waves of data. To test the linearity assumption, the fit of a linear model 
was compared to the fit of an alternative categorical representation for NS. In all cases 
a linear model provided a satisfactory representation of the data, and no significant 
departures from linearity were detected. From the fitted models estimates of effect 
size (OR and 95%CI) per quartile increase in NS were obtained by exponentiation 
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e(β1±1.96SE(β1)). Model fitting was conducted using Stata 14 (College Station, 
Texas, US).  
 
In order to control for possible sources of confounding and covariation in the 
associations between NS and offending outcomes, the model shown in EQ1 (above) 
was extended to include a series of covariate factors, over three steps.  In the first step 
(Model 1), individual factors and childhood correlates of NS were entered into the 
model.  In the second step (Model 2), in order to control for the possible influence of 
adolescent externalizing and anti-social behaviour on NS, conduct/oppositional 
defiant disorder symptoms (age 14-16) and deviant peer affiliations (age 15) were 
added to Model 1.  Finally, in order to account for possible mediation of the 
association between NS and offending outcomes by substance use in adulthood, a 
further model (Model 3) that included measures of alcohol and / or substance use 
disorders at ages 18-35, treated as two separate sets of time-dynamic covariates, was 
fitted. 
 
  In these models, all relevant covariates or mediators were initially included in the 
model for each outcome. To avoid potential issues of statistical over-control resulting 
from overinclusion of covariates, the covariates in Model 1 and 2 were refined 
stepwise using methods of backwards and forwards variable elimination/inclusion to 
identify a stable, empirically supported and parsimonious set of covariate factors.  
 
Finally, in order to examine the robustness of the analyses with respect to alternative 
conceptualizations of the NS measure, the categorical NS measure described above 
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was replaced by the continuous score, and the analyses repeated.  Time interaction 
effects were tested for each outcome by entering into the models a term representing 
the NS x wave interaction, using the continuous measure of NS. 
 
3. Results 
3.1 Associations between novelty seeking and antisocial behaviour outcomes ages 18-
21, 21-25, 25-30, and 30-35 
Table 1 shows the shows the percentage of participants reporting antisocial 
behaviours at each of five waves (age 18; 21; 25; 30 and 35), for each novelty seeking 
(NS) quartile. The Table also shows the population-averaged prevalence of each 
disorder across the five assessment periods and the test of significance for the Wald 
χ2 test of the linear association between the quartile measure of NS and each outcome, 
derived from generalised estimating equations. The Table shows that, for all five 
classes of antisocial behaviour, there was a statistically significant monotonic increase 
in the risk of antisocial behaviour with increasing NS.  Estimates of the odds ratio 
(OR) show that those in the highest quartile on the NS measure had odds of antisocial 
behaviour that were 2.94 to 4.35 times higher than those in the lowest quartile. 
 
INSERT TABLE 1 ABOUT HERE 
 
3.2 Associations between novelty seeking and covariates 
Table 2 shows non-parametric correlations (Spearman’s ρ) between a series of 
potential covariate factors (see supplementary material) and NS. These covariate 
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factors are grouped into individual factors; family sociodemographic background 
factors; and family functioning factors.  The Table shows that multiple variables were 
significantly (p < .05) correlated with NS. Family functioning variables and 
individual factors relating to conduct disturbance in childhood and adolescence were 
most strongly correlated with NS.   
 
INSERT TABLE 2 ABOUT HERE 
 
3.3 Adjusted associations between novelty seeking and antisocial behaviour outcomes 
The population-averaged models fitted to the data in Table 1 were extended in a 
further three series of models examining the association between NS and antisocial 
behaviours while adjusting for individual factors and childhood correlates of NS 
(Model 1), those variables in Model 1 plus adolescent externalising behaviours 
(Model 2); and those variables in Model 2 plus alcohol and substance use disorders at 
age 18-35 (Model 3). 
The results of Models 1, 2 and 3 are presented in Table 3, which reports effect size 
estimates (odds ratios and 95% CIs) for the associations between NS and each of the 
five antisocial behaviour outcomes, pooled over the five waves from age 18 to 35 
(with the exception of “use of a weapon”, which was no longer statistically significant 
after controlling for covariates in Model 1, and was therefore not used as an outcome 
for Model 2 or Model 3). The Table also reports the Wald χ2 test of significance of the 
effect of NS in each model. 
The table shows: 
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- In Model 1 (adjustment for childhood correlates of NS), a moderately strong 
association between NS and antisocial behaviours remained present after 
adjusting for childhood correlates of NS. The exception was non-significant 
findings for use of a weapon, likely due to sparse data caused by the rarity of 
this outcome in later waves of the study.  
- In Model 2 (adjustment for childhood plus adolescent externalising 
behaviours) there remained a more modest (OR<2) association between NS 
and assault, property theft, property damage and dishonesty.  
- In Model 3, (adjustment for alcohol use disorder/illicit drug use disorder) NS 
was no longer a statistically significant predictor of any of the five antisocial 
behaviour outcomes.  After adjustment, those in the highest quartile on NS 
had odds of offending that ranged from 1.45 to 1.60 times higher than those in 
the lowest quartile.  We have previously reported a strong adjusted association 
between NS and alcohol and substance use disorders in early adulthood, with 
odds ratios for the highest NS quartile compared to the lowest ranging from 
1.95 for nicotine to 5.11 for illicit drugs other than cannabis (10). We have 
also previously reported a strong association between alcohol use disorder and 
violent behaviours (24). Taken together, these findings are consistent with the 
hypothesis that alcohol and substance use disorder mediate the association 
between NS and those antisocial behaviours which were associated with high 
NS in Model 2 (i.e., assault, property theft, property damage and dishonesty). 
 
INSERT TABLE 3 ABOUT HERE 
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3.4 Supplementary analyses 
Also as noted in Methods, the robustness of the analyses to alternative specification of 
the NS measure was tested using the raw NS score as a continuous measure instead of 
the quartile measure. In all cases the results of these analyses were consistent with 
those reported above.  A Table showing unadjusted and adjusted parameter estimates 
using the continuous measure of NS for each of the five antisocial behaviour 
outcomes is provided in the Supplement (Table S1).  
 
Finally, there were no statistically significant NS x time interaction effects for any of 
the models, indicating that the strength of association between NS and antisocial 




We used data gathered in the course of a longitudinal study to examine the association 
between novelty seeking (NS) at age 16 and the incidence of self-reported antisocial 
behaviours at 5 waves of data collection from age 18-35.  
There was a strong unadjusted association between high novelty seeking and all forms 
of antisocial behaviour in early adulthood. After adjustment for childhood and 
adolescent correlates of NS, assault, theft and dishonesty offending remained 
significantly associated with NS albeit the strength of the association was diminished. 
Following further adjustment for alcohol and substance use disorders (SUDs) from 
age 18 to 35, NS was no longer associated with any antisocial behaviours, consistent 
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with the hypothesis that alcohol and SUDs mediate the association between novelty 
seeking and assault, theft and dishonesty offending in early adulthood. These findings 
also align with a hypothesis put forward by Howard (17) suggesting alcohol use lies 
on a causal pathway between some types of personality disturbance (notably 
psychopathy) and violent offending in adolescence and early adulthood. 
Previous studies have shown that NS is a risk factor for a range of externalising 
behaviours in adolescence and early adulthood , including substance use (16) conduct 
disorder (11), high risk sports (25) and risky sexual behaviours (26). However, our 
findings suggest NS is not a direct causal risk factor for all classes of externalizing 
behavior. It is possible our findings on the lack of a direct effect of NS on antisocial 
behavior relate to the contemporaneous measures of antisocial behaviour and peer 
influence at age 16, which allowed us to more precisely control for these factors in the 
association between NS and offending.  
Given the complex causal structure of externalizing behaviours, the field of 
behavioral genetics needs stable and reliably diagnosed phenotypes in order to better 
understand the interplay between genetic and environmental influences on antisocial 
behavior (27). Recent twin data suggest the sensation-seeking (a trait closely related 
to NS) is an endophenotype for antisocial behavior (28). However, our findings 
suggest much of the overlapping variance between personality variables and 
antisocial behaviours is explained by alcohol and substance use disorder. If this is 
correct, this would cast doubt on the value of NS as a more generalized 
endophenotype for externalizing behaviours. 
Recent randomised trial data suggest personality-targeted interventions are effective 
for preventing harmful alcohol use in adolescents (29). The evidence linking NS to 
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antisocial behaviour via alcohol or substance use suggests personality-targeted 
interventions may also be a plausible approach in the primary prevention of antisocial 
behaviours. This hypothesis has not been examined in clinical trials, but it could be 
tested by obtaining measures of antisocial behavior outcomes in future studies of 
personality-targeted interventions for substance problems.  
The present study has a number of potential limitations. Firstly, NS was only 
measured at a single timepoint. It is not clear from our data whether NS changes over 
time, although other studies indicate it is relatively stable in early adulthood before 
undergoing gradual decline from about age 30 onwards (30, 31). The rarity of 
antisocial behaviours from age 30 onwards also meant there was limited power to 
determine whether the association between NS and antisocial behaviours remained 
present in later waves of the study. A further limitation was the ascertainment of 
antisocial behaviours by self-report, which may be biased by a tendency to avoid 
reporting socially undesirable behaviours.  
Finally, this was a largely white Caucasian population and caution should be 
exercised in generalising the results to populations in other ethnic groups or other 
countries. 
In conclusion, high novelty seeking is a risk factor for several types of antisocial 
behaviour in early adulthood, and our findings suggest this association is mediated via 
alcohol and substance use disorder. Novelty seeking may also be a useful 
endophenotype for studying the relative contribution of genes and environment to 
externalizing behaviours in early adulthood. 
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Table 1. Percentage of cohort members within novelty seeking quartiles reporting antisocial behaviours at ages 18, 21, 25, 30, and 35 years, 
pooled over the five waves of the study 
 
  Novelty seeking quartile  
Offence type  Age 1 (low) 2 3 4 (high) pb 
Assault 17-18 10.1 13.6 19.1 25.9  
 20-21 5.0 6.0 5.7 11.6  
 24-25 2.6 3.6 5.2 9.2  
 29-30 2.6 2.4 6.2 6.1  
 34-35 2.7 2.1 1.4 2.1  
 Overalla 3.5 (2.5-4.8) 4.4 (3.2-5.9) 6.2 (4.7-8.2) 9.2 (7.3-11.4) <.0001 
 OR (95% CI) 1 (--) 1.42 (1.26-1.60) 2.01 (1.58-2.56) 2.86 (1.99-4.10)  
       
Use of a weapon 17-18 3.1 4.8 4.8 9.3  
 20-21 1.1 2.8 2.6 5.2  
 24-25 0.7 0.4 1.8 2.0  
 29-30 1.1 0.0 0.9 2.4  
 34-35 0.8 1.2 0.0 1.2  
 Overalla 1.1 (0.6-1.8) 1.5 (0.9-2.4) 1.6 (1.0-2.5) 3.3 (2.3-4.6) <.001 
 OR (95% CI) 1 (--) 1.46 (1.21-1.76) 2.14 (1.46-3.13) 3.13 (1.77-5.53)  
       
  20 
       
Property theft 17-18 4.2 11.6 16.5 25.1  
 20-21 4.7 6.4 6.5 11.6  
 24-25 1.5 3.2 3.9 5.2  
 29-30 1.5 2.0 2.7 2.9  
 34-35 6.8 5.8 8.8 6.2  
 Overalla 2.8 (2.0-4.0) 4.7 (3.6-6.3) 6.5 (5.0-8.4) 8.9 (7.2-11.0) < .0001 
 OR (95% CI) 1 (--) 1.43 (1.27-1.61) 2.05 (1.62-2.61) 2.94 (2.05-4.22)  
       
Property damage 17-18 2.8 5.6 7.8 13.5  
 20-21 3.2 3.2 2.2 7.6  
 24-25 0.0 3.2 2.2 4.0  
 29-30 0.4 0.4 0.4 1.2  
 34-35 0.0 0.8 0.9 1.7  
 Overalla 0.8 (0.4-1.4) 1.8 (1.2-2.8) 1.9 (1.2-3.0) 3.9 (2.8-5.4) <.0001 
 OR (95% CI) 1 (--) 1.64 (1.37-1.96) 2.66 (1.86-3.82) 4.35 (2.53-7.46)  
       
Dishonesty offences 17-18 2.1 6.0 6.1 9.7  
 20-21 2.9 4.8 7.8 10.4  
 24-25 1.1 4.4 4.8 6.0  
 29-30 0.0 0.8 1.8 0.8  
  21 
 34-35 0.8 0.4 1.8 0.8  
 Overalla 1.0 (0.6-1.7) 2.4 (1.6-3.6) 3.1 (2.1-4.6) 4.2 (3.0-5.9)  <.0001 
 OR (95% CI) 1 (--) 1.53 (1.30-1.81) 2.36 (1.68-3.25) 3.63 (2.18-5.87)  
 
a. Population-averaged percentage across five assessment periods (95% CI). 
b. Wald χ2 test for novelty seeking in generalized estimating equation models  
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Table 2. Associations (Spearman correlations) between novelty seekinga (age 16) and 






Individual factors   
 Gender -.02 .42 
 Conduct problems (7-9 years) .16 <.001 
 Attention problems (7-9 years) .14 <.001 
 Anxious / withdrawn behaviours (7-9 years) -.08 .007 
 Child IQ (8-9 years) .01 .66 
 Extraversion (age 14) .23 <.001 
 Neuroticism (age 14) .02 .56 
 Anxiety disorder (age 15) .02 .47 
 Depression (age 15) .03 .40 
Family socio-demographic background   
 Maternal age at birth -.13 <.001 
 Maternal education at birth -.02 .47 
 Socioeconomic status of family at birth .01 .70 
 Average standard of living (1-10 years) -.09 .001 
Family functioning factors   
 Parental intimate partner violence (0-16 years) .05 .12 
 Childhood sexual abuse (0-16 years) .16 <.001 
 Childhood physical abuse (0-16 years) .11 <.001 
 Paternal care score (0-16 years) -.18 <.001 
 Maternal care score (0-16 years) -.17 <.001 
 Paternal overprotection score (0-16 years) .15 <.001 
 Maternal overprotection score (0-16 years) .15 <.001 
 Quality of parental attachment (age 15) -.24 <.001 
 Number of changes of parents to age 15 .12 <.001 
 Parental history of alcohol problems .03 .29 
 Parental history of depression or anxiety  .01 .67 
 Parental history of illicit substance use .11 <.001 
  23 
 Parental history of offending .07 .03 
Adolescent externalizing factors   
 Attention deficit/hyperactivity disorder symptoms (14-16 years) .36 <.001 
 Oppositional defiant disorder symptoms (14-16 years) .30 <.001 
 Deviant peer affiliations (age 15) .29 <.001 
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Table 3. Associations between novelty seeking at age 16 and antisocial behaviours from age 18-35, adjusted for covariate factors  
 
 
Model 1: adjusted for  
childhood correlatesa 
Model 2: adjusted for predictors in Model 1  
plus adolescent externalising behavioursb 
Model 3: adjusted for predictors in Model 2 plus alcohol 
and illicit drug disorders age 18-35 
 
Pooled proportional OR (95% CI)  
by novelty seeking quartile 
Pooled proportional OR (95% CI)  
by novelty seeking quartile 
Pooled proportional OR (95% CI)  
by novelty seeking quartile 
Outcome Q1 Q2 Q3 Q4 p Q1 Q2 Q3 Q4 p Q1 Q2 Q3 Q4 p 






<.0001 1 1.15 
(1.01-1.32) 











                






=.15           
                



















                











2.24   
(1.27-3.95) 
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a. Odds ratio pooled across 5 time waves from age 18 to 35, adjusted for individual factors (gender; extraversion age 14; conduct problems 
age 7-9; attention problems age 7-9; childhood IQ age 8-9; anxious / withdrawn behaviours age 7-9), family sociodemographic 
background factors (family socioeconomic status at birth; family living standards age 0-10), family functioning factors (parental 
intimate partner violence age 0-16; sexual abuse age 0-16; physical abuse age 0-16; paternal overprotectiveness age 0-16; parental 
attachment age 15; changes of parents to age 15) 
b. Odds ratio pooled across 5 waves from age 18 to 35, adjusted for covariates in (a) plus adolescent externalizing behavior markers: 
attention deficit disorder symptoms (age 14-16); oppositional defiant disorder symptoms (age 14-16); deviant peer affiliations (age 15) 
c. Wald χ2 test for novelty seeking in generalized estimating equation models. 
 
 
